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. Outline

l | nic " the atonis, i and trimers of
Theoretical Isp of cryogenic solid propellants composed o}f ?the atqms, ;'hmef[i l::adt it,x;xlme
lightweight elerents isolated in solid para hydrogen. Conscquences of con . .

Sﬁ'ectroscopic st.udies of Boron/Carbon clusters by matrix isolation spectroscopy.

‘ rce for preparation of eryogenie solid HIEDM
Development of stable, hi-flux boron atom source for prepar_atmn of ?ryogen;c solid B:E
. (under auspices of Small Business Innovative Research (SBIR) program.

i . 0 ‘. e .-.-. X lAir
First dpﬁcal spectrum of B (under auspicés of International Rescarch Initiative of the.:
Force Office of Scientific Rescarch). =

Video'of exploding B/C and C HEDM.
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Cryosolid Propellants Approach (Make)

* Rapid vapor deposition of metal atom vapor and pre-cooled
parahydrogen gas ontb a liquid helium cooled substrate in vacuum.

| pizze' —‘—acci‘etion layer —}— solid hydrogen
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: - Optimization of boron HEDM propeliant combustion with liquid oxygen. :
- The propellant formulation is HysoBs, er 5 equivalent mole pércent boron atoms isolated in 95 mole percent solid
parahydrogen. The four panels show the optimization for cach of four levels 6f atom condensation: (1) B atoms; (2) B2
molecules, (3) B; molecules, and (4) By molecules. ‘The Isp and Tc were caiculated for the Standard Rocket Condition: 1000 psi
chamber-pressure and expansion to sea level, which for LOX/LH2 produces an Isp 0£389 s and a chamber temperature of 2984
K. The beats of formation for BsH;gs listed in each panel ar¢ derived from —2.20 keal/mol for solid parahydrogen at 4.4 K, gnd
135.0 for B, 2034 for By, 192.8 for B3, and 225 kedl/mol for By, The Isp and Te for o oxidizer are listed together with the
optimum (méximum) Isp obtainable for the specified- O/F ratio (by fass) and the valuc of Tc. In all cases the chamber
temperature with boron HEDM is very much less than the Te of the LOX/LH2 Standard Rocket, which produces Isp =389 s
with Te = 2984. The uncondensed boron HEDM Isp of 474 s runs at 1832 K. V/ith ne-oxidizer, the uncondensed boron HEDM

rocket runs at 965 X and produces Isp = 402 s.
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Precision matched pair of matrices

Green Matrix BB =~80/20  enhanced 1'B,C,, .
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Electronic absorption spectra recorded in 2 6 X matrix after 4 hours of mass-selécied co-deposition of By with
neon. The bottom trace shows the 'E’ - X 'A,” electronic transition of By overlapped by the 2 %E” - X *A” system
of B, produced from partial neutralizatiori of the anions impinging on the matrix during deposition. Thé top trace
reveals the 2 2B’ - X %A, electronic transition of By measured after exposure to UV radiation: ‘Absorption belonging

to the anion disappears.
M. Wyss, E. Riaplov, A. Batalov, J. P, Maier, T. Weber, W. Meyer, P.Roémus, J. Chem. Phys. (2003, in pressj.
University of Basel, University of Kaisersiautern, Université de Marne la Vallée
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Coniclusioiis

Large Isp lmprovements are produced by cryogemc solid prope]hnts ith atoms, dimers, tmmers, and
tetramers isolated i in solzd hydrogen, but condensation Ieads to loss of beneﬁt. .

5 mole percent B atoms prodnc&s Isp of 474 seconds compared t0389s for LOX/sH2 . The HEDM
cmﬂ‘bustmn tempmture is 1832 K, compared to 2984 K for LOX/sH2 :

Bl

Annealmg kmetlcs of dxs‘:ppearance of C; and BC,, and of appearance of BzC C., BG;, Bzcz, Cs, BCe, and -

B,C; unequivaeally estabhshes the presence of atoms and dimers in the originally d eposxtexl matrxx

~80% or more of the initially deposxted ED:‘,DM cxxsted as atoms; dlmers and trimers.

B,C, moleciiles are lme'lr, with boron atoms attached to each end, and are’ 1mmnne to radical attack and -
condensation during-annealing.

Theory predicts that a 12 keal/mol barrier exists for B atom insertion into Hz, so isolation by co-
condensation may- be possible. -

A stable, hlgh-ﬂnx B-atom source lns been.devcloped under the Small anmcss Innov:mve Rese':rch
Program capable of productlon -of 100 mg of Boron HEDM in a few hours.

Bz or B; may be tl_rc ultimate sinks (islands of stability) for atoms in the low temp'crature environment.

-

Studies of the spectroscopy and reactlw'y of B 'xtoms and small clustérs with hiydrogen are underway at the
University of Basel, supported by the Air Force Ofﬁce of Scientific Research through the International

- Research Initiative program.

. . . .

- Approved for public release; distribution wnlimited. -




BACKUP CHARTS

B

épprp_ved for Bt}blic release; distribution unlimited.

T

cat . 68 | 5. 832
N 1130 B 3427 .- 0| 658
Mg . 352 | 138 | 7.3 862
Wg2 68:8 7.4 7.6 526
Y 789 02| 77 | ess
Al 251 56 -84 9‘54
Si " 107.6 AT 52 |- 82 91.8
- AN 0.0 | . 79 910
psi, Exhaus! Pressure = 14.7 psi

Approved for public release; distribntion unlimited,

YT T

SR

Fy ARG SaTT

D




. Pt CEEESETEEETEEEEE PRPRPPIN RPN

C-LINE #62027
. CLEARTOFPER

o e s o mscsitm el s st At b1 v —
o

n» DFT/B3LYP"

b_C

ties Linear

ns

| Infrared Inte

Theoretica

O 2™ most intense
O 3™ mostintense

_ ccpVDZplotted atn+0 _
'6-31G plotted at n + 0.2

O Total Intensity
() - Most Intense .

................

(,-low uny/’)) woye ‘uoqsed Jad Kyisuajuy

o
~ W
L
R
o v
e
(]
~ 0
£
=1
Lo &
. o
0
<

. . TCninte3.axg

Approved for pnlﬁiq release; distribution unlimited.,

' Carbon clusterdistributions

| Matrix JA315

Approved for public release; distribution uniimited.




Aovis

2150

0.35-

2100,

2080 2000 1950 .. 1900 . - 1850
‘ Ap‘proved for public release; distribution untimsed.

Survey spectra of preclslonl matched matrlces showmg larger clusters
BJC,._J,n>4 J=0,1,2 in origi

mal matrices and after three annealings.

Gréen (“B/’ ‘= 80/20) and Red (“B/’“B = 27'/73) Matrices. All peaks
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.+ Jdentification of 9 of the 16 isotopomers of lineat BCCC in 5 matrices.

/
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. Identification of 7 isbtdﬁon_lérs of the 10 isotopomers of BCCB in 5 inatrices.
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Four minimum energy geometries of B,C, produce similar isotopomer fingerprints. ”

Scale factor (Sp = measured frequency/theorectical frequency) of linear BCCB = 0.97250.
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